The aim of this study was to determine the most appropriate urine collection for detecting differences in the excretion rates of albumin, -y glutamyl trans peptidase (GGT) and N-acetyl-(j-D-glucosaminidase (NAGA) between normotensive subjects and hypertensive patients on treatment. Twenty treated hypertensive patients, mean (SEM, standard error of mean) age; 52·2 (6'2) years and 20 normotensive subjects, mean age 49· 2 (4'2) years, were studied in a consecutive sampling design. Urinary excretion rates of albumin, GGT and NAGA were determined in consecutive timed urine samples collected overnight and during 3-5 h the next morning. Mean (SEM) overnight excretion rates for albumin, GGT and NAGA for normotensive subjects were 11·05 (1'18) ltg/min, 17·00 (2'20)mU/min and 6·55 (0'39)mU/min, respectively, which were significantly lower than those of hypertensive subjects which were 20· 77 (2' 14) ltg/min, 21· 84 (1'65) mU/min and 10·92 (0'87) mU/min, respectively (P<0·05). The mean (SEM) percentage increases in urinary albumin, GGT and NAGA in morning urine collections of normotensive subjects of 15· 22 (3' 88)0/0, 34' 04 (6' 45)% and 11· 54 (3' 63)%, respectively were significantly lower than 107·03 (15'04)%,121'96 (16'71)% and 72· 75 (7' 50)% found in hypertensive patients (P< 0,05). These data suggest that were urinary albumin and tubular enzyme excretion to be used as correlates of hypertensive renal damage, ambulatory urine collections may be more sensitive than overnight collections.
INTRODUCTION
Low-level albumin excretion (microalbuminuria) has been extensively studied in diabetic patients and has been shown to detect early kidney damage! and to predict early cardiovascular mortality.s-' A variety of enzymes of tubular origin which include (j-N-acetyl-D-glucosaminidase (NAGA) and -y-glutamyl transpeptidase (GGT), have been shown to be excreted at an increased rate in various types of kidney damage." Increased excretion of albumin! and urinary enzyrnes.v' have been found in hypertensive patients, in Correspondence; Professor Cecilia Zuppi, Istituto di Chi mica e Chimica Clinica, Universita Cattolica del S Cuore, Largo A Gemelli 8, 00]68 Rome, Italy. the absence of any other clinical evidence of renal damage and may indicate early hypertensive kidney dysfunction. There is disagreement as to the choice of the urine samples to be used to detect microalburninuria" or tubular enzymuria. In diabetic patients 24 h, 1,9,10 overnight1 and daytime urine collection'{-P have been used to detect microalbuminuria. In insulin-dependent diabetics a mid-morning urine sample has been shown to be more representative of the 24 h albumin excretion'? compared with overnight collections. The aim of this study was to investigate excretion rates of albumin, NAGA and GGT in overnight and ambulatory morning urine collections in treated hypertensive patients and matched normotensive control subjects.
MATERIALS AND METHODS
Twenty hypertensive patients (12 women), mean (SEM) age 52·2 (6·2) and 20 normotensives (9 women), mean age 49·2 (4'2) were studied. Hypertensive patients were recruited from outpatient clinics using the following exclusion criteria: a history of renal disease or diabetes mellitus, clinical proteinuria, serum blood urea nitrogen or creatinine concentrations above 7· I mmol/L and 115 JLmol/L, respectively, systolic and diastolic blood pressure at the time of recruitment not greater than 105 mmHg and 180 mmHg, respectively. Blood pressure was measured with a mercury sphygmomanometer after a 5 min rest in seated position on three separate occasions during the week before the study. Blood pressure values used for correlation with albumin, NAGA and GGT were taken in the morning of the study day. Current antihypertensive treatments were not discontinued. The patients were taking nifedipine (n = 5), verapamil (n = 2), enalapril (n = 4), nifedipine plus enalapril (n = 7), clonidine (n = 2).
Mean arterial pressure (MAP) was calculated by the formula
Normotensive controls were selected from volunteers using the same exclusion criteria as the hypertensive patients with the exception they were not receiving antihypertensive treatment and their blood pressure was less than 140/90 mmHg on three separate occasions.
All subjects were asked to collect in separate containers two timed urine collections. The subjects were instructed to empty their bladder before retiring at night. The overnight collection consisted of all urine voided after retiring including the first voiding immediately after waking up. The morning collection was obtained during 3-5 h of usual activity. No attempt was made to standardize physical activity, TABLE I. Characteristics of the subjects but all subjects were invited to avoid strenuous exercise during the morning of the study day. The urine specimens were stored in glass containers, at 4°C and assayed on the morning of the study day. Commerical kits were used for the determination in urine of albumin (nephelometric method with specific antibodies: Turbiquant Albumin/Urine, lstituto Behring, Italy), NAGA (colorimetric method with N-acetyl-{j-glucosaminide as substrate: Arnika, Italy) and GGT (colorimetric method with 'Y-glutamyl-p-nitroanilide as substrate: Arnika, Italy).
The lower limit of detection for albumin was 10 mg/L and albumin was detectable in all urine samples. Results were expressed as the excretion rate in JLg/min for albumin and mU/min for NAGA and GGT.
The between-run coefficient of variation for the determination of albumin was 3· 81170, at a concentration of 80 mg/L. The coefficients of variation of NAGA and GGT were 9·2 and 11170, with a mean level of activity of IOIU/L and 50IU/L, respectively. Cut-off values for normal albumin, GGT and NAGA excretion rates were arbitrarily determined as the means + 2 SO of the values found in morning urine collection in normotensives.
Data are presented as mean values ± SEM.
Statistical methods used included the r-test for paired data for comparison of night to morning values, the Kruskal-Wallis analysis of variance for comparison between groups and the 2 x 2 contingency tables for significance of frequency distribution of abnormal values and the Pearson correlation coefficients. Statistical significance was established at the 0·05 confidence level.
RESULTS
The characteristics of the subjects studied are summarized in Table I Normotensives
Hypertensives had by study design a significant higher systolic and diastolic blood pressure. Table 3 shows the mean urinary excretion rate of albumin, GGT and NAGA overnight and during the morning together with the corresponding night-to-morning per cent changes for normotensive and hypertensive subjects. Mean urinary albumin, GGT and NAGA excretion rates tended to increase from overnight to morning (P<0·05) in normotensive subjects and showed a marked increase (P<0·05) in hypertensive patients. Figure I describes the individual excretion rates for albumin, NAG A and GGT for both groups. Figure 2 shows the individual per cent night-to-morning changes in excretion rates for albumin, GGT and NAGA. Correlations between urinary protein excretion and MAP are shown in Table 3 . When all data were cumulated MAP was correlated with night-to-morning per cent changes in albumin, GGT and NAGA excretion. No correlation was observed between per cent night-to-morning changes in albumin and percent night-to-morning changes in excretion rates of GGT and NAGA in normotensive (r= O' 2 and r= 0,43, respectively) and in hypertensive subjects (r=0'39 and r=O'06, respectively). Per cent night-to-morning changes in albumin excretion were correlated (P < O·05)
with night-to-morning per cent changes in GGT and NAGA only when all data were cumulated (r=O·64 and r=0'5, respectively).
DISCUSSION
In normal subjects albumin excretion is known to increase from night to day, with posture and exercisev'" and the excretion rate of tubular ..... .... ......   ...... ..... .... enzymes has been found to increase in morning hours l 5,16 as well as after exercise. 17 Our results confirm that in normotensive subjects there is a small increase in albumin and tubular enzyme excretion from night-to-morning. While diurnal changes in albumin may be ascribed to hemodynamic glomerular changes following variation of systemic blood pressure during diurnal activity or exercise, the mechanisms of diurnal changes in excretion rate of tubular enzymes are less clear. Their high molecular size means that urinary enzymes are not filtered by glomeruli but originate from tubular cells and they may appear in urine because of cytolysis resulting from physiological turnover. Their excretion is known to change also in relation to urine flOW. 18, 19 In hypertensive patients, an increase in albumin excretion has been found to correlate with blood pressure." Intraglomerular Ann C/in Biochem 1995: 32 hypertension appears to be the main hemodynamic disturbance leading to hypertensive kidney damage and elevation of glomerular capillary pressure with associated increase in permeability may account for an abnormal transport of albumin across the glomerular filter. 2I Since about 90070 of albumin is reabsorbed in tubule,22,23 a possible contributing factor to tubular dysfunction in hypertensive patients is the increased rate of delivery of albumin to the tubule. Although the excretion rate of {:l-2-microglobulin, a small protein filtered by the glomeruli and actively reabsorbed by the proximal tubule, has been found not to be increased in hypertensive patients.i" the observation of an increased excretion rate of tubular enzymes in hypertensive subjects," may indicate tubular dysfunction. Strenuous exercise in hypertensives has been found to produce an abnormal increase in albumin excretion,2,24-26 but scanty information is available on changes in tubular enzyme excretion in relation to posture or exercise. 24, 28 During exercise hypertensive patients have been shown to present a transient kidney dysfunction which can be detected by abnormalities in kinetics of radioactive hippurate." These exercise-induced abnormalities in renal hemodynamic may be ascribed to excessive arteriolar vasoconstriction and elevation in renin secondary to the increased sympathetic outflow of different renal nerves." It should be recognized that the release in urine of tubular lysosomal enzymes (e.g. NAGA) does not require cell lysis (as does release of cytosolic enzymes, e.g. lactate dehydrogenase) but may result from exocytosis occurring after minor kidney Ischemia." Furthermore, brush border enzymes such as GGT may appear in urine because of subtle alterations in cytoskeleton of brush border microvilli secondary to minor ischemia or metabolic changes. 4 ,32,33 The increase in albumin and tubular enzyme excretion in morning urine collections observed in outpatients suggest that normal physical activity may be associated with abnormal intrarenal haemodynamic changes in some hypertensive patients. The lack of correlation in hypertensive patients between night-to-morning changes in albumin, GGT and NAG A excretion rates suggest that glomerular and tubular dysfunction may be dissociated. Studies with ambulatory blood pressure monitoring in hypertensives have shown that blood pressure peaks during the morning hours and that this circadian pattern is barely changed by antihypertensive drugs.r' We speculate that the abnormal morning increase in albumin, NAGA and GGT excretion hypertensive patients may be ascribed to a more pronounced morning blood pressure surge. Indeed a sigificant correlation has been found between hourly averaged ambulatory blood pressure 35 ,36 and the simultaneous hourly urinary albumin excretion. Since the abnormal urinary findings in morning urine may depend on morning blood pressure changes and on different degree of morning physical activity, a high intra-individual variability might be expected when analysing individual urine collections of successive mornings. This variability may be unacceptable when investigating individuals in follow-up studies.
Nevertheless, our findings indicate that for screening for early hypertensive kidney damage the choice of a morning urine sample for measurement of albumin and tubular enzyme excretion may be more discriminating than the use of an overnight urine collection. Although the measurement of the night-to-morning changes in albumin, GGT and NAGA excretion may be even more discriminating than the single morning measurement, this procedure is probably less practical for screening purposes. Whether such a screening technique does identify early renal disease in hypertensive patients, and allows successful therapeutic intervention remains to be seen.
